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(54)Title: PROCESSES FOR PRODUCING SUGAR NUCLEOTIDES AND COMPLEX CARBOHYDRATES 



(57) Abstract tl J , r 

A process for producing a sugar nucleotide characterized by using as an enzyme source an optionally processed culture of a 
microorganism capable of producing the sugar nucleotide from a nucleotide precursor and a sugar, effecting an enzymatic reaction in an 
aqueous medium containing the enzyme source, the nucleotide precursor and the sugar to thereby accumulate the sugar nucleotide in the 
medium, and taking up the sugar nucleotide from the medium; and a process for producing a complex carbohydrate characterized by using as 
enzyme sources an optionally processed culture of a microorganism capable of producing a sugar nucleotide from a nucleotide precursor and 
a sugar, and an optionally processed culture of a microorganism or animal cells capable of producing the complex carbohydrate from the 
sugar nucleotide and a complex carbohydrate precursor, effecting enzymatic reactions in an aqueous medium containing these enzyme 
sources, the nucleotide precursor, the sugar and the complex carbohydrate precursor to thereby accumulate the complex carbohydrate in the 
medium, and taking up the complex carbohydrate from the medium. 
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m m m 

* K<OSti£#a: <h LT, 1) -ft [Adv. Carbohydr. Chem. 

Biochcm., 28, 307 (1973), Bull. Chem. Soc. Japan, 46, 3275 (1973) , J. Org. Chem., 
57,146(1992), Carbohydr. Res., 242, 69 ( 1993)] , 2) B£5£-£ffl [j. 
Org. Chem., 51, 1834 (1992), J. Org. Chem., 5_Z, 152 (1992), J. Am. Chem. Soc, HO, 
7159 (1988), ^^.W 7-508413, 7-5000248, WO96/27670] , 3) B£#*$ 

0«itJ»®<*:*fflV»S^ft (#£-08 45-2073, JRf^tBS 46-40756, #1>B3 47-1837, 
Slf^nR 47-26703, 2j$&BF 49-8278, #^¥2-268692) , 4 ) It*Jit£g£m-<7)M>fc^ 
Wfofrb<DM&m 8-23993) « s fcl<b*lT^&o 

1) (DUmiZts^Xlt* U v>- 5' 'Jfgfc (i^T, UMPi: 

B&-T) co^:;v-7 * r*- r- glgjcflc^tt V >B^M*!&3S"e*> <9 > 2) <7>73-&Uis 
^Tt±, UMP, ^'Jv>-5' -Z1';>K UDPtW&t) , -)'Jy 

>--5' (&T\ UTPti&t) , 7f/y>-5' 

& 0 4) <7):frv££^tf>, .hffi^-f ft?>^ftK£^T JSKfl-t LTiSflfifc* V 
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«^l»K^K^ttcfc LTJi, 1 ) ffc9^fifci£- [Method in Enzynol. 247, 193 
(1994),Angew. Chem. Int. Ed. Engl. 2J., 155 (1988), Carbohydr. Res. 211. cl 
(1991)] , 2) 1m7kfrffi&m [Anal. Biochem. 202,215(1992), Trends 
Biotechnol. 6,256(1988)] £JHv^£ #& > &J:tK3) ffti|E&&3g (#Hfl¥ 7- 
79792, 7-500248, 5-82200, W094/25614) £ *U ffl L rt s *H <b 

1) <^?/&T-(±jZ#^fa^j&07^^^^ 2) 

U <t »J , UMP 2*12, t Z> [Amino Acid, Nucleic Acid, 23, 107 

(1971)] o 

mwx~$>2>mz ? is**- F<7)&mx$))mtQ%mjk?3mz&i&-f & z t \z$>%> 0 

X/m^ma-t^^tizX U^-f- K**&j£-C§ Z>Z\ t^£^/:L x 

-t&izm^tzo 
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^SP^ <fc*tli\ 1 ) tjW-sH? K >BIM$0-ftfafcJ!5i#r£<j& 

rfljffli"^> - <t* ? -C§ 2) U D P7$»<b UT P^<£>$K}&Hi3^Tit5tifi&*X 

7&*"C £ Z> o ^-^6tr tw {± Saccharomvces M > Candida H , Pichia ^ Torulopsis M „ 
Debarvomvces M ^ Zygosaccharomvces M ^ Kluy veromvces M ^ Hansenula ^ . 
Brettanomvces M Ugf &f8t^ft * *> >f * ^ i * o fiP * LV>0flfc Lt, 

Saccharomvces M ilM't h WQcM £ Lt, Saccharomvces ccrevisiac ^ £ . Candida 
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&tzm-t&t9t£.fat LT, Candida utilis, Candida parapsilosis . Candida kmseL 
Candida yersaliiis, Candida lipolytjca, Candida zevlanoide?; . Candida guilliermondii . 
Candida aihicans, Candida humicola ^ . Pichia MllM^- Z> ffi > tT, Pichia 
farinpsa, Pjchja, phmeri ^ £ , Torulopsis lt:Mt^p4-^> ^ T> Torulopsis 
eandjdji. Torulopsis sphaerica, Torulppsis xvlinus. Torulopsis fam^t* Torulopsis 
versatjljs ^ £ s Dcbaryomyces atlgt £ £ LT, Debarvomvrrs 

subglobosus , Debarvomvces cantarelliL Debarvomvcps globosus . Deharvomvt^s 
haM£nii, Debaryprnyccs japonjcus ^ £ . Zygosacrhammy ^^ M /.- fa? z. jSfr^ >fr i> 
ZYBQsaccharomyces rouxji, Zvgosacchnrnm V r r Q h a ;|i; j$ » Kluvveromvces 
LCItS^itl,!: LT, Kluvveromvces marxianus . Hansennla L'JEr? -.h ^ ff» 4-- 
$?<h LT, Hansenula anomala , Hqnsenuja jadinjiffi £ , Brettanomv^ J% ir M. -* 7, 
It, Brettanomvces lambicus , Brettanomvrfis anomalus g£ £ miYZ, r y 

^ K fl&#£*f§U S rt: lift _h $ £ il^iiH^i 

— * , -> a. — ? n — , ^ ^ j, _ ^ -r ^ h — * , v> - K 
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7>^e^^/s % g^T^-^A, 'J >MT A^<D&®ftt#£:fc «fc TO 

a, ^b*^->^A. fifci»«i-sfe, fleets** mmmz* mm 

e?^, rust, ii^^^mc-ciJiiLTU^o 

l± 1 5-4 5t**A< , ^®P$^liil'^5 ~ 1 0 Ol#ra-e*&o ^^P Hti 

3 o 

<D!Vim%!)*&mMt Ltfflv\ ? U^-f- Ktf>£j£i::fflv»4 c 

frm.^xnhn.z>m®. mm , mmm^n. mmm^^m^. mm 
mnzmm&M&mys* mmmnm^WLVkm®, mmm^mmmmn^mm. 
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mmmommmm®]. mmmnmm&mw. mmu<om^%^m^. %mm<D 

%> o 

O-SOOg/lf*^ tfiL<l^5 0 - 6 0 0 g/IT^^ o 

$ n & » K ^ Sf& & <£ CMS # £ j£ <n m :M mm K «• 

<t^T'# & 0 * ? v-ti- wmmmna o. oi-i. om« 

<<i0. Ol-O. 3M*>*j£-e;H</*«bft*o 
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v?b-x> 7j^-x, V)U tf b -;H£<D#t7Mb$K tfH/tf 

< ^f«7 5 ;m, mm, &mtmfrfrm!fo&t:*>ir&z o. 02 

if - t* f T- £ , 0. oi~i. 0M(7)Mtfflv^3 
-7 y * -> ^ a 4 * > t Ltii, ^^-7 ^ * -> <y a , r * -> a % rn.1t 

^ -> ^ At£^-£2>lf & - <h^ ? T-^ , iifif 1-20 mMWg^ffflwttiSo 
#MfS-14#J i: Ltli, # 'J * * ->J--7- U > • * * 9 t* s s )V 7 < > (#iJxUf+ 

K (^Jx.Ji^T 4 -^ > F2-40E, a^n&JffittiSl) 3£<7)#?-* y&RMm&M, ? ■> 

(^jx. i£=®.t ^ > fb, B*#i&iBtt«) m<v=@iT $ >mm. zmmzri'* 
xj&m-t&zk *>-e£&o zmm&mtt* i§#o. 1 ~ 5 0 %/ u if* l < 

(i 1 ~ 2 0 g/ 1 ojtJgTffl^kft&o 
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mx.+ju&#mft>ti* mno. i-somi/i, »iL<iii-20mi 

®Z ? h'<D*k}&Kl£li^ tKM^^, p H 5 - 1 0 , WiUlipH 

6-8, 20-50tT-2-4 8 B$ IfflO £ ft T^f "7 C t ^ ? T* # 5 0 

l± , UDP-G 1 c , UDP-Ga U UDP-G1 cNAc-1Hm:t 

^■C £ , U D P - G 1 ctUDP-Ga 1 <D»mfc3kli Anal. Biochem.. 

216, 188-194 (1994)211^^^^^:^ n-7 h ^'v A (&T\ HPLCtlftt) U 
ii^tt-etf^t^fiS. UDP-G I cNAcW^MlilT 

(7)$kft-<D H P L C IZ «fc bffiZt * { X* £ & o 

mtVim I 0. 1 M KH 2 P o 4 

(H 3 PC\ 5:ffi^TpH3. 2 

iiftji : 1 m 1 /m i n 

Jj 9 A. : Partisil-10 SAX ( 7 v h7> ft Si) 

Jfcffl : U V 2 6 2 n m 

fflv>&i§3?<7)^&ic J: oTfif -9 - fc^-CS (*f#&W- 8-23993) , 0(1*. If. UDP 
-GalJai^UDP-Glc HiJ^TIi J. Org. Chem.,52, 152(1992), UDP 
-G 1 c N A c joV^Tti J. Org. Chem., 57, 146 ( 1 992) U IBIS GO :Jj fife M Tff 
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7 * hv;l/h7>X7jn7--tft ^.^.i- ^ t h • ^ 7 y -7«WM 2 6 6 - 
4 4* (ATCCCRL1676) . is J: Ef h • * 7 J - ^MWM 2 6 6 - 4 
1.3- #9 * h h 7 > )i<;*mireLK J M — 1 

<*<$<08L»x.tfc 6-181759) , b • * ^ 7 --7»elS K-Me 1 - 2 

(Proc. Natl. Acad. Sci. USA., 93, 4638 (1996) % fc h H e 1 a if$Bfl£dJ5fc<Z> P IA-Jf 
v ^ h h V >*7i7-4?iftf5T-£3&3&1"&*ifci8S (EMBO J.,9, 3171 
(1990)) & V* It Saccharomvces cerevisiae [Biochem. Biophys. Res. Commun., 201, 
160(1994)] , 77 Ffi|W^l,6-N-7*f^^)^t;-i^7>X7x7- 
■tfa^S7-*S&31i"* COS- 7 48lfl& (ATCC, CRL1651) [J. Biol. Chem.. 26&. 
15381 (1993)] %f<DWlV0lRU*>2> VW±«*fc& £ 

ZWmt LT, — JRKteffl3*LTv»S R PM I 1 6 4 O^ift. Eagle <DM 
Sli. 5%C0 2 *?£T^&#TT^t % Jg#iSJ£li3 5 - 3 7*0*** < , 
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moftmm&fimmm. mmi&nmmt&mi&mto. mmm^mmmm^mM . 
mmm <r> m 5e itm $> & v - « mm m &h <n m & w $ m »°, m * m »r * c t w x £ & 0 

15>rtH(C 1 ^MeO&&:|6K££fifci-£dfc(0^g^ifit*£ 1 Mfe (u) t LT, 
0. 01U/1-1 OOU/lf*^ »JL<iio. 1U/I-100U/ 

i -e&& 0 

^fflv^Ct^T-l, 1-10 0 mM, L < ii 5 - 1 0 0 mM<OitTffl 

IBV'iii^t ^-flettKliN-T-tef-A/^/UrHJ- 5 GlcNAc /? l-3Gal /? 
l-4Glc ii J fi4. «^SfTOli0. 1-1 OOmM. ft± 

Kity ? h - N - -r h 7 * - J* , 9 ? h-N-^^-fh^^-x, N-T-trf- 
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i^I<7)*fiS:t:iJ^t, MUtt'Ct, MnC 1 2 ^tf>te^i£, p - * )V 
f l- & & L fz m&ffi % <r> fcM it &*n O * m K & t T tf 5 - 1 rt ? 

& (#^¥6-181759) o 

iifR- 69^ otfr^ - (#P*W 8-23993) ^ #J x. (i\ N-THrf-JU 

7? h "9" ^ >" ICiS VTIi J. Org. Chem.,47, 5416 (1982) Stlfc W^J ft izm £ Tfi 1 O 

m.mm 1 . u d p - g i c <D£.m 

y)l>a-* lOOg/K MgS0 4 -7H 2 0 lg/K K 2 HP0 4 
3 5 g/ 1 > tD7H (* V * 3g/l <^Mrt^ 2 . 

*L, 28r, i^6 0 0 rpm, 2 L/m i n <D&W"Q 6 B#BBRJd £ 

t£&J&4u 4N KOHSrfflv»T, RlE$»pHt6. 5-7. 5 tc££$$ L 

Rl5iteT8K RJ&ffc±.flt*tf>U D P - G 1 c £ Anal. Biochem., 2J£, 188-194 
(19M)IB*W*jfeHJ: ^iLfcfeft. UDP-G 1 cri ? 7. 4g/l (2Na 

8-23993 |Btt0^j*»ci(Ji:r UDP-G 1 c *««L, il5££Jg<7> U D P - G 1 
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<7> U D P — G l cX*$>r>tz<> 

mmm 2. u d p - g a i (D*tm 

Viva-* 50g/L^x+^ 2g/K^7h> 5g/I, 
(NHJ 2 HPO ( 2g/KKH : PO < 2g/l, MgS0 4 -7H 2 0 

lg/i (6N h 2 so,t* p h6. o tcf$&) c, & ^ mmzm £ 

2 0 m I yifciU L 3 0 0 m 1 = #J V v 'A n {Z , Kluvveromvce.s marxianus var. 
bulugaricus ATCC 1 6045 fa £ if L „ 28t, 2 2 0 r p m <7) 2 4 R£|?flM 

h-X 5 0g/l, SSfx + x 2 g/1 , 5g/l , 

(NH 4 ) 2 HP0 4 2g/l, KH 2 PO ( 2 g/1 , M g S 0 „ - 7H z O 1 
g/1 (6N H 2 SC\T'pH6. 0 tzfSJSSE) ^)«^ h =Sr £ £ 2 4 

0 m 1 mu L 7t 2 L v 7^ft§Hft77X3|; % 2 0ml fcjjS 
JUL, 28t, 2 2 0 r pm^ftt , 2 4 H$|Q$*&1$§| L fc G <b *ifcJg?«?fc 

1 00g/U 2g/L ^^hv 5g/K 

(NH 4 ) 2 HP0 4 2g/LKH 2 P0 4 2 g / U M g S O 4 • 7 H 2 O 1 
g/1 (6N H,S0 4 t'pH6. 0 izm&) <V®.j&frh%&mm%i&$: 2 . 

5 L mm Ltz 5 L fg 2 2 5 0 ml U 2 8 "C, 

6 0 0 r prru i§5fvfi2. 5 L/m i n cOi&^ft-T* 2 4 ^BB^tt^ff o /j 0 
IR^*^, 2 8 %T>*-T7K£ffl^-C, *S§g«£<7)p H£ 5. 5 (±0. 

1 ) K8t#Lfco 

*&£#F.T&s SE^f^fffitC^-f <->S-21 5 4g/l, *n?m(* 
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•j^iS) Jg/Ll^^^y^ lg/K KH 2 P0, 3g/l, 
K 2 HP0 4 4g/U#9?h-* 18g/l £w5slJHU 2 8t, 6 0 0 
r p m, ii^#2 . 0 L/m i n<7>3=#--C l 5 f^F ffl KJ& & ft o £ „ 
SeJKlD*. 4N KOH^ffl^T. RttifttOpH^p H6. 0-7. 0 (C 

R(£*£Tft* .bjS^OUDP-Ga 1 *" Anal. Biochcm., 216, 188-194 (1994)f£ 
««Mi:J:0 5ctLfce*, UDP-Ga 1^2. 3g/l (2NafiM) 

1 1 nm^mx-nm^^^. M^m. mm. 9 7 %w±) «UDP-Ga iw 

afel»m2 . 5 g 

ISJfcfll 3. UDP-GlcNAc <D*km 

DP-G 1 cNAcW4I*lT-5fco 

Ri&ifcTlfe* £CS?&_h^*<7>UDP-G 1 cNAc £ _t*E<7> H P L C SiU <t 
»)S£*Lfc*g*, UDP-GlcNAc* J 7g/l (2N aiSftlt) ^J&LT 

mi tmm*?i&'enwk*'n^^ («jk9 7%jei±) ^udp-g i c 

NAc<7)£fe^*5. 7gtHfc. 

yor^A^I g G 4: /? 1,3- #9 ny;^7>X7x7-t't« 

Ul-&^6K^^- K Ltv^ igfc^-Sr^tf 5 KpAMoERSAWl 
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(M¥ 6-181759) T'fTOL/:tv^KJM-li?:G4 1 8 (^a 
tt«) 5:0. 5 m g/m 1 ^tr R PMI 64 0 • ITPSG FJ£-fl!i3 0 m 1 IZ 
5 x 1 0 4 c e 1 Is /m I Kfc* «t ■? UJBiiS U C0 2 ^f >df 3.^- ? -^-e, 
3 7t;, 8 BWJgfcLfco 

m?VTH >A<D I gGfe : ^ii*t ft \,3-ifv ? h>;H>7 >x y ^ ^--tf 
i ') Chilli L/w^, M^SC^oTMILt I R G-t77D-x 

g G-t770-7«r||lRL, RPMI640 • ITPSG FJft*b 1 m 1 T~ 3 ED 
*£8M£s MI gG-t77n-x^ 1 3 1,3-*" V * hv)^7 >X7i7— t'W^t 

^££#15. 7M-N-rf7t-^«4i 

[Agric. Biol. Chem., 54_, 2169 (1990)] T T 5 y \£ *) is > iZ & 

^7fcl3*i&L*:?£, lOOmuni t <D ft - if 7 5 \ -> -fcr 1:^X^*1 

/To 

M&JSHi: GlcNAc /? l-3Gal ft l-4Glc £*g£-«f?lffiS<# £ LTffl 

t&m&mWifimfc 0. SmM^ M4tlK#l / /:I g G-t77n-7,^ 
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ftp i. 3-#7nyi^7>x7x7-t' o. 5u, mmm 2 tnn l 

f:UDP-Ga I 5 mM, Tr i s-HCI (pH7. 9) 1 0 0 mM, 
MnCl 2 lOmM, p - * A/iJ ~7 Y S — 2 mM £ "f & fsCJ&flfc 3 

il y J+ \ TSKgci ODS-80TM iJ =7 A (4.6mmx30cm,TOSOH *±i£) 
?fc*H : 0. 0 2MSK7> ; t-^A||iI (pH4. 0) 

I 5 0 *C 
y/lLiS : lml/mi n 

*&,'[', : Si^meS (Bftj&ifefi 3 2 0 n m, 4 0 0 n m) 

$ n 7^&J& fcJttfc"*- & - t K «t ir) ft o fc„ 

K J: I) , 0 . 1 7 mM ( 0 . 12g/l) W7n-N-f 

HM#fl 5 -CWJK Lfc«-&»Kl»IE# GlcNAc /? l-3Gal p l-4Glc 0 . 5 mM, 
^ 1, 4-**7^ hv;H7>X7x7— b' (y/vf±U) 0. 5U, *I 
m 2 -CJRf$ Lfc'U D P - G a 1 5 mM, Tris-HCl (pH7. 9) 
100mM>MnCl 2 1 0 mM, p - * ~7 Y 3-9 J - }V 2mM, a — 
*j 5 \~7 )VfXy 0. 2mg/m 1 Sr^Wf Z> Rf&fBL 3 6 p 1 £ , 3 2V~C 
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SBf^J&K «t ij , O . 2 mM (0. 14g/l) »7n-N-^rl>7^ 

o 
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4. Jg^ift^ffiaft**, ^ftffc^MJ. ^ft«[4:at 

«j**v»»±a»i!&j: y)MmLx&btizmmm&x$>2>z.tz$Tmt-rz>. m 
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>r V * h -x. i; y>z:»; >&-N- t -t: -7- ;u ;hj -9- < ? 

1 0 . m&mWffimfotK N - T -fc ;u ^ ;b 3 -9- = > J f z a cicNAc /? l- 
3Gal fi l-4Glc * BS^M 9 gB«fe<0»j@ffi 0 

12. #7* h -^^«#tt»3&*, 7^ h-N-f h7^-xijj:^ 
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1 4. §£©#*\ Saccharomvces M , Candida M x Pichia M , Torulopsis . 
Debarvomvces IS , Zygosaccharomvces , Kluvveromvces H „ Hansenula H io <fc Zf 
Brettanomvces JB il JR 1" £ ^ ^ M l$ tl Z> M & "C * & Z t £ 1" £ , It 

mm 1 3 uzmcommmo 

15. g^^r/ii^^ Saccharomvces cerevisiac ^ Candida utilis . Candida 
parapsilosis , Candida kruseL Candida versatilis . Candida lipolvtica , Candida 
zeylanoidcs . Candida guilliermondiK Candida albicans , Candida humicola x Pichia 
farinosa , Pichia ohmerL Torulopsis Candida , Torulopsis sphaerica . Torulopsis 
xvlinus , Torulopsis famata , Torulopsis versatilis . Debarvomvces subglobosus , 
Debarvomvces cantarelliu Debarvomvces globosus . Debarvomvces hanseniL 
Debarvomvces japonicus . Zygosaccharomvces rouxih Zygosaccharomvces bailiL 
Kluvveromvces marxianus . Hansenula anomala ^ Hansenula jadiniL Brettanomvces 
lambicus & X V s Brettanomvces anomalus h M \£ tl i> f&£t X" Z> , tn^^X 1 4 IB 

16. ? is*?- k tm^mwmm^hm^mm^^m^^ht'jj^ 

^'t hWLQL$)ff* Escherichia coli £ fz li Saccharomvces cerevisiae ?^^>Ch^^ 

ihtai*« 1 2 tzit 3 IB«^M^?£o 

*f-ra»»JHBflaA ? ,C O S - 7#fflJE3: tzl3H-?)l"*K j m- 1 *m/i&-c#& - 1 & 
#Bfci: 1 S ^(±3lBm^Mit^o 

18. tv;w<KJM-lW^ |?l,3^7ny^F7>X7x7- 

titv^KJM- W*3K1 7IBWOS3C 

ifco 

19. 0 1,3-*' 7 * k»H7>^7 i7-e*3- Ki-^aifcT-** t 
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